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ABSTRACT 

In  recent  years  changes  in  cannon  attmunition  have  led  to 
the  occurrence  of  a wear  (erosion)  maxima  downbore  from  the 
origin  of  rifling.  Conventional  inspection  equipment  is  not 
adequate  to  obtain  the  necessary  data  for  the  study  and 
evaluation  of  this  wear  progression. 

New  inspection  equipment  has  been  developed  for  the 
105mm.,  M68  gun  tube  which  will  provide  the  necessary  data 
for  use  in  the  study  and  evaluation  of  erosion  and  its  effect 
on  cannon  tube  serviceability. 


CROSS-REFERENCE  DATA 

Bore  Erosion 
LVDT 

X-Y  Plotter 
Propellent  Additives 
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I.  INTRODUCTION 


During  the  early  1960's  the  greatest  wear  in  gun  tube  bores 
occurred  at  the  origin  of  rifling.  For  the  lOSmm.,  M68,  a condem- 
nation criteria  was  based  on  .075  inch  wear  at  the  origin  of  rifling 
as  the  accuracy  limiting  factor. 

With  conventional  ammunition,  wear  maxima  at  the  origin  of 


rifling  decreased  with  distance  downbore.  Wear  reducing  propellent 


additives  caused  a change  in  pattern  to  a second  local  wear  maxima. 
These  maxima  were  much  smaller  than  the  amplitude  at  the  origin  of 
rifling. 

In  late  1973  and  early  1974,  severe  flight  degradation  in 
additive  ammunition  in  the  M68  prompted  an  extensive  investigation. 


It  was  found  that  second  wear  maxima  exceeded  the  maxima  at  the 
origin  of  rifling  (see  Fig.  1).  This  erosion  condition  has  been 
generally  referred  to  as  secondary  wear.  Secondary  wear  appears 
in  a region  1 to  2 inches  from  the  origin  of  rifling  to  25  inches 
downbore  (see  Fig.  2). 

Since  erosion  does  not  occur  evenly  around  the  bore  circumference 
conventional  methods  of  measuring  were  not  adequate.  The  use  of 
star  and  pullover  gages  only  indicate  a change  in  diameter.  There- 
fore, a new  system  was  required  with  capability  of  measuring  radii 
about  an  established  center  line  as  well  as  the  circumferential 
location  of  the  various  radii  measurements. 


n.  SYSTEM  REQUIREMENTS 

The  secondary  bore  erosion  measuring  system  required  had  to 
measure  and  plot  very  minute  changes  resulting  from  erosion  on  the 
lands  and  grooves  of  cannon  tube  bores,  circumferentially  and 
downbore  25  inches  from  the  origin  of  rifling. 

In  this  way,  data  gathered  from  use  of  such  a system  at  firing 
tests  could  determine  the  progression  of  erosion  relative  to  the 
type  and  number  of  rounds  fired.  The  tests  would  also  include  a 
study  of  erosion  in  cannon  tubes  made  of  various  types  of  steels 
as  well  as  electro-plated  cannon  tubes. 

The  requirements  of  a bore  erosion  measuring  system  as  des- 
cribed above  dictated  a design  that  would  provide  the  capability 
of  measuring  in  three  axes  or  planes;  "X"  data,  sensor  head  rotation, 
"Y"  data,  probe  tip  deflection  and  "Z"  data,  downbore  distance. 


The  following  section  describes  the  bore  erosion  measuring 
system  designed,  procured  and  tested  to  provide  the  necessary 
equipment  for  the  bore  erosion  study  on  the  105mm.,  M68. 


4 


2 


III.  SYSTEM  DESCRIPTION  (See  Fig.  3) 


A precision  instrument  is  described  that  has  been  designed 
and  set  up  to  determine  and  record  radial  and  axial  point  or  line 
scan  measurements  inside  long  bores  up  to  25  inches  long  within 
diametral  boundaries  of  4.228  ± 0.075  inches. 

The  system  consists  of  a BORE  INSERT  UNIT  that  is  a precise 
electromechanical  assembly  containing  a rotating  sensor  head  and 
an  X-Y  PLOTTER  that  produces  a trace  of  sensor  head  probe  radial 
displacement  vs  angle  of  head  rotation  in  a plane  perpendicular 
to  the  axis  of  bore  being  scanned. 

An  ELECTRONICS  UNIT  is  attached  to  the  X-Y  PLOHER  containing 
signal  processing  electronics,  and  electronic  digital  readout  of 
probe  tip  radial  position,  and  a control  for  electronic  range 
suppression  of  the  head  rotation  signal. 

The  system  is  shown  in  Figure  4 and  its  specifications  follow. 
SPECIFICATIONS 


General 

X-Y  Plotting 
(See  Fig  5) 


Area  11  x 15  inches 

Accuracy  ± 0.2  % of  full  scale 


X Data 

Sensor  Head  Rotation 
;See  Fig  6) 


Range 

Overtravel 

Dial 

Setabi 1 i ty 
Engraving  Acc 
Sensor 
Suppression 
Max  Sensit. 

Sensor  Type 
Motion 


0 Deg  to  360  Deg 
5 to  6 Deg 

1 Deg  markings 

Within  ± 30  Arc  Minutes 
.Within  ±10  Arc  Minutes 
±0.1  % Linearity 
0 to  360  degrees 
Usable  to  1 Deg/inch 
of  trace 

Resistance  element 
Handwheel  control 
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Calib.  Range  ±0.0750  inches 
Sensor  Range  ±0.100  inches 
Accuracy  ±0.0003  inches  of 
digital  reading 

Resolution  0.0001  inches  digital 
0.00005  inches  analog 
Trace  Expans.  To  20  millionths  per 
chart  grad. 

(0.0002  inch  deflect./ 
chart  inch) 

Sensor  Type  LVDT 
Sensor  Motion  Spring  Restrained 

Range  0 to  25  inches 

Total  Travel  27.9  inches 

Readout  Direct  Linear  Scale 

Setability  ± 0.05  inches 

Scale  Accur.  ± 0.010  inches 
Motion  Control  Knurled  Palm  Wheel 
no  backlash 
scewed  roller  drive 
Accuracy  Tracking  straightness 

to  be  tested;  better 
than  ± 0.005  inches, 
better  than  ±0.002 
repeatability  at 
constant  temperature. 

BORE  INSERT  UNIT 

The  primary  element  of  this  electromechanical  assembly  is  the 
48  inch  ARM.  The  ARM  consists  of  six  precisely  ground  roller 
bearing  tracks  representing  the  state  of  the  art  in  grinding  parallel 
and  straight  surfaces  in  range  of  48  inch  lengths.  Precision  is  of 
the  same  order  of  magnitude  as  flatness  of  equivalent  length 
laboratory  grade  granite  plattens. 

A series  of  holes  were  incorporated  in  the  ARM  for  application 
of  a compensating  bar  that  can  be  used  to  alter  the  axial  straight- 
ness of  the  ARM  for  changes  in  its  dimensional  stability. 


Y Data 

Probe  Tip  Deflection 
(See  Fig  7) 


Z Data 

Axial  Bore  Traverse 
(see  Fig  6 ) 
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The  unit  embodies  four  major  items  representing  its  points  of 


precision  and  reference  as  follows  (refer  to  figure  3): 

1.  The  forward  Reference  Ring 

2.  The  rear  Gaging  Ring 

3.  The  ARM  tracking  surfaces  (six) 

4.  The  Head  rotational  plane  (ball  bearing) 

The  unit  has  adjustment  areas  that  are  used  operationally  or 
in  major  assembly  operations  as  follows: 

5.  ARM  side  support  rollers  with  eccentric  studs  for  preloading 
and  alignment  (eight  places).  Range  is  ± 0.005  inches  for  180° 
rotation. 


6.  ARM  vertical  support  rollers  with  eccentric  mounting  for 
preloading  and  alignment  (four  places).  Range  is  ± 0.005  inches 
for  180°  rotation. 

7.  ADJUSTABLE  PAD  (rear)  bearing  points  (four)  spaced  90°  apart. 

The  pads  are  split  and  the  expanding  tapered  set  screws  must  not  be 
screwed  in  beyond  the  "flush  to  the  end"  point.  This  provides  a fine 
adjust  range  of  0.020  inches  expansion  in  positioning  the  rear  of  the 
assembly  for  axis  coincidence  with  the  center  line  of  the  bore. 

Spacers  are  provided  to  accommodate  this  "fine  range"  to  various 
chamber  diameters  of  small  variation. 

8.  GAGING  RING  (rear).  This  is  a hardened  disk  with  a precise 
tolerance  (±  0.0001)  roundness  specification.  This  disk  has  been 
aligned  to  be  within  0.0005  inches  coaxial  with  the  average  axis  of 
the  six  roller  tracks.  The  disk  is  not  pinned  allowing  further 
adjustment  and  is  held  in  place  by  six  screws,  four  of  which  also 
pass  through  the  control  housing  flanges.  Adjustment  would  require 
removal  of  the  housing. 

9.  REFERENCE  RING  (forward).  This  is  a precise  hardened  ring 
held  to  ± 0.0001  roundness  tolerance  of  the  spherical  surface  about 
its  center  line.  The  ring  is  a slip  fit,  can  be  replaced,  but  is 
non-adjustable.  Curvature  is  such  that  bottoming  of  the  assembly 
will  align  it  coaxially  with  the  chamber  taper  at  this  point. 

I 

10.  Sensor  head  rotational  plane.  The  sensor  head  assembly  is  j 

; attached  to  the  ARM  by  four  internal  screws.  The  plane  of  rotation  is  i 

I ■ determined  by  a single  ball  bearing  where-in  preload  can  be  changed  by  ~ 

an  outer  race  spacer  change.  Radial  free  play  (in  the  direction  of 
probe  tip  measurement)  is  in  the  order  of  0.0001  inches.  This  assures 
operator  feel  of  tip  loading  and  thus  minimization  of  tip  breakage 
and  head  damage. 
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DATA  PROCESSING  AND  DISPLAY  - ELECTRONICS 


This  function  is  represented  by  the  X-Y  Plotter,  the  ELECTRONICS 
UNIT,  and  direct  reading  dials  - scales.  Refer  to  Figure  3. 

One  power  cord  attached  to  the  plotter  serves  the  complete 
system.  One  switch,  located  on  the  plotter  control  section,  controls 
the  power  ON-OFF  function.  One  cable  connects  the  BORE  INSERT  UNIT 
with  Plotter/ELECTRONICS  UNIT  assembly.  Fuse  protection  is  through 
the  provisions  made  for  the  recorder. 

The  X-Y  Plotter  front  panel  controls  are  fully  active  as  marked. 

The  signal  input  points  are  at  the  rear  connector  location.  The 
"top-side"  signal  input  locations  are  active  but  not  used. 

The  ELECTRONICS  UNIT  contains  the  electronic  digital  readout 
and  circuitry  for  analog  signal  processing.  A Head  rotation  signal  \ 

suppression  control  is  located  adjacent  to  the  digital  display.  The 
suppression  allows  recording  of  angular  rotation  at  high  gain  with 
ability  to  always  maintain  the  trace  on  the  chart. 

As  shown  in  Figure  3,  four  adjust  points  are  located  at  the 
ELECTRONICS  UNIT  as  follows: 

1.  Digital  fine  span  adjust.  Located  behind  front  right  corner 
of  display  window. 

2.  Digital  zero  adjust.  Same  location  as  "1." 

3.  LVDT  span  adjust.  Screw  driver  adjustment  thru  hole  in  side 
of  case. 

4.  Suppression  range  adjust.  Adjacent  location  to  item  "3.",  , | 

unmarked.  ^ 


The  digital  display  shows  probe  tip  deflection  either  side  of 
a zero  reference  position  to  a resolution  of  0.0001  inches.  A sign 
indication  is  present  to  show  which  side  is  active.  The  zero  reference 
has  been  set  up  to  read  zero  for  the  expected  cannon  rifling  diameter. 
This  may  be  adjusted  by  relocation  and  locking  of  the  LVDT  housing. 

The  two  major  assemblies  are  inter-connected  by  a shielded 
cable  that  carries  only  low  level  DC  power  and  the  return  DC  signals. 

AC  excitation  and  signal  demodulation  are  done  locally  by  circuitry 
in  the  SENSOR  HEAD. 

A small  electronics  board  is  located  in  the  rotating  sensor  head 
assembly  that  serves  to  generate  a sensor  carrier  frequency  and  de- 
modulate a sensor  output  signal  and  amplification.  A gain  control 
pot  is  located  on  the  board  for  LVDT  signal  setup. 

MECHANICAL  ALIGNMENT 

Means  are  provided  for  altering  the  ARM  tracking  path  with 
respect  to  its  carrier  cylinder  by  use  of  roller  studs  and  shafts 
that  have  been  eccentrically  machined.  This  also  is  the  preloading 
means  for  the  ARM. 

The  complete  assembly  is  aligned  by  means  of  four  split  pads 
spaced  90°  apart  at  the  instrument  rear.  The  adjustment  may  be 
relocated  to  accommodate  various  ZONE  A diameters  by  application  of 
pad  spacers.  The  assembly  forward  section  is  self  locating  by  means 
of  an  integral  hardened  ring  with  an  outer  spherical  surface. 


Adjusting  means-ranges  are  as  follows: 


1.  ARM  relocation 


2.  Assembly  rear 


0 to  i 0.005  inches  in  the  lateral 
direction  at  each  roller  station 
(180°  shaft  rotation). 

0 to  ± 0.005  inches  in  the  vertical 
direction  at  each  roller  station 
(180°  shaft  rotation). 

Fine  range  of  split  pads  in  direction 
normal  to  the  plane  of  the  split, 

0 to  ± 0.010  inches. 

Incremental  relocation  of  the  fine 
range  to  accommodate  diameter 
change  in  Zone  A. 

0.030  inch  diameter  change  spacer 
set 

0.064  inch  diameter  change  spacer 
set 

0.094  inch  diameter  change  by 
combination  of  above. 

Note:  The  tapered  screws  for  fine 
adjust  must  not  be  turned  in 
beyond  the  flush  condition 
in  expanding  the  pads.  Use 
spacers  to  bring  the  adjust- 
ment within  range. 


IV.  TESTING  RESULTS 


Testing  of  the  system  to  assure  proper  performance  was 
accomplished  in  a 105mm.,  M68  gun  tube  with  plots  shown  in  figures 
8 and  9.  Figure  8 illustrates  a complete  circumferential  plot, 
full  scale  on  the  plotter  set  to  accept  360°  probe  rotation. 

Adjustment  of  the  amplification  of  both  the  X and  Y scales 
gave  us  a representation  of  2 grooves  and  lands  spread  over  full 
scale.  This  is  shown  in  figure  9.  The  digital  readout  on  the 
plotter  is  used  to  measure  actual  depth  of  rifling  so  actual 
plotter  amplification  can  be  recorded. 
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V.  CONCLUSIONS 


Based  on  the  testing  and  evaluation  results.  It  Is  concluded 
that  the  system  developed  and  designed  under  this  project  provides 
a practical  and  effective  means  of  collecting  measurement  data 
required  for  the  study  and  evaluation  of  secondary  bore  erosion. 

VI.  IMPLEMENTATION 

Present  plans  are  for  utilization  of  the  bore  erosion  measuring 
system  to  obtain  measurement  data  as  part  of  an  erosion  study  to  be 
conducted  by  Watervliet  Arsenal. 
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FIGURE  2:  360°  VIEW  OF  ERODED  TUBE  BORE 


COMPLETE  MEASURING  SYSTEM 
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FIGURE  6:  ROI 


FIGURE  9:  EXPANDED  TEST  PLOT  (2  GROOVES) 
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12  Commander, -U.  S.  Army  Armament  Research  and  Development  Command, 

ATTN;  DRDAR-LC,  Mr.  E.  Kelly  (1  copy) 

DRDAR-LCA,  Dr.  Sharkoff  (1  copy) 

DRDAR-LCE,  Dr.  Walker  (1  copy) 

DRDAR-QAS,  Mr.  F.  Fitzsimmons  (5  copies) 

DRDAR-SCM,  Jr.  J.  Corrie  (1  copy) 

DRDAR-TSP,  Mr.  B.  Stephans  (1  copy) 

DRD.AR-TSS,  (STINTO)  (2  copies) 

Dover,  New  Jersey  07801 

2 Conunander,  Edgewood  Arsenal,  ATT.N':  DRDAR-CLR,  Mr,  Montaway  (1  copy), 

DRDAR-QAC,  Dr.  Moritz  (1  copy),  Aberdeen  Proving  Ground,  Maryland  21010 

I,  Commander,  Watervliet  Arsenal,  ATTN;  DRDAR-LCB,  Mr.  T.  Moraezewski, 

Watervliet,  New  York  12189 

4 Commander,  U.  S.  Army  Aviation  R6D  Command,  ATTN:  DRDAV-EXT; 

DRDAV-QR;  DRDAV-QP;  DRDAR-QE;  St.  Louis,  Missouri  63166 

6 Commander,  U.  S.  Army  Tank-Automotive  Research  and  Development  Command, 

ATTN:  DRDTA-RKA,  Mr".  D.  Matichuk  (1  copy) 

DRDTA-RKA,  Mr.  R.  Dunec  (1  copy) 

DRDTA-RKA,  Mr.  S.  Catalano  (1  copy) 

DRDTA-RM,  Mr.  0.  Renius  (1  copy)  (Just  Infrared,  Ultrasonic 
and  Holographic  Reports) 

, DRDTA-JA,  Mr.  C.  Kedzior  (1  copy) 

DRDTA-UL  (Tech  Library)  (1  copy) 

Warren,  Michigan  48090 

1 Director,  U.  S.  Army  Industrial  Base  Engineering  Activity,  ATTN: 

DRXPE-MT,  Dr.  W.  T.  Yang,  Rock  Island,  Illinois  61201 

1 Commander,  Harry  Diamond  Laboratories,  ATTN:  DRXDO-EDE,  Mr.  B.  F. 
Willis,  2800  Powder  Mill  Road,  Adclphi,  Maryland  20785 

2 Commander,  U.  S.  Army  Test  and  Evaluation  Command,  ATTN;  DRSTE-TD; 
DRSTE-ME,  Aberdeen  Proving  Ground,  Maryland  21005 

3 Commander,  IJ.  S.  Army  V.hite  Sands  Missile  Range,  ATTN:  STEWS-AD-I.; 
.STEWS-ID;  STKWS-TD-PM,  VJiitc  Sands  Missile  Range,  New  Me.xico  S8002 


r ^ . 1 


Number  of  • 

Copies To 

1 Commander,  U.  S.  Amy  Yuma  Proving  Ground,  ATTN:  Technical  Librar>', 

Yuma,  Arizona  85364 

1 Commander,  U.  S.  Army  Tropic  Test  Center,  ATTN:  STETC-TD,  Drawer  942, 

Fort  Clayton,  Canal  Zone 

4 Commander,  Aberdeen  Proving  Ground,  ATTN:  STEAP-MT;  STEAP-TL; 

STEAP-MT-M,  Mr.  J.  A.  Feroli;  STEAP-MT-G,  Mr.  R.  L.  Huddleston; 
Aberdeen  Proving  Ground,  Maryland  21005 

1 Commander,  U.  S.  Army  Cold  Region  Test  Center,  ATTN:  STECR-OP-PM, 

APO  Seattle,  Washington  98733 

1 Commander,  U.  S.  Army  Dug'.vay  Proving  Ground,  ATTN:  STEDP-MT, 

Dugway,  Utah  84022 

1 Commander,  U.  S.  Army  Electronic  Proving  Ground,  ATTN:  STEEP-MT, 

Ft.  Huachuca,  Arizona  85613 

1 Commander,  Jefferson  Proving  Ground,  ATTN:  STEJP-TD-I,  Madison,  • 

Indiana  47250 

1,  Commander,  U.  S.  Army  .Aircraft  Development  Test  Activity,  ATTN: 

STEBG-TD,  Ft.  Rucker,  .Alabama  36362 

> 1 President,  U.  S.  Army  .Armor  and  Engineer  Board,  ATTN:  ATZKOAE-TA, 

Ft.  Knox,  Kentucky  40121 

1 President,  U.  S.  Army  Field  Artillery  Board,  ATTN:  ATZR-BDOP, 

Ft.  Sill,  Oklahoma  73503 

1 Commander,  Anniston  Amy  Depot,  ATTN:  SDSA.N-QA,  Anniston, 

Alabama  36202 

1 Commander,  Corpus  Christi  Army  Depot,  SDSCC-MEE,  Mr.  Haggerty, 

' Mail  Stop  55,  Corpus  Chfisti,  Texas  78419 

1 Commander,  Lctterkenny  Army  Depot,  ATTN:  SDS-LE-OA,  Chambersburg, 

Pennsylvania  17201 

1 Commander,  Lexington-Bluegrass  Army  Depot,  ATTN:  SDSRR-QA, 

Lexington,  Kentucky  40507 

1 Commander,  New  Cumberland  Army  Depot,  ATTN:  SDSNC-OA,  New  Cumberland, 
Pennsylvania  17070 

2 Commander,  U.  S.  Army  Depot  Activity,  Pueblo,  ATTN:  SDSTE-ril-Q, 
Pueblo,  Colorado  81001 


3 


Nu.Til>sr  of 
Copic*^ 


To 


1 Comnander,  Red  River  Arr.y  Depot,  ATTN:  SDSRR-QA,  Texarkana, 

Texas  75501 

1 Conimander,  Sacramento  Army  Depot,  ATTN':  SDSSA-QA,  Scarauento, 

California  95S13 

1 Commander,  Savanna  Army  Depot  Activity,  ATTN:  SDSSV-S,  Savanna, 

Illinois  61074 

1 Commander,  Seneca  Army  Depot,  ATTN:  SDSSE-R,  Romulus,  New  York  14541 

1 Commander,  Sharpe  Army  Depot,  ATTN:  SDSSH-QE,  Lathrop,  California  9533 

1 Commander,  Sierra  Amy  Depot,  ATTN:  SDSSI-DOA,  Herlong,  California  961 

1 Commander,  Tobyhanna  Army  Depot,  ATTN:  SDSTO-Q,  Tobyhanna, 

Pennsylvania  18466 

1 Commander,  Tooele  Army  Depot,  ATTN:  SDSTE-QA,  Tooele,  Utah  84074 

1 Director,  D.ARCOM  Ammunition  Center,  ATTN:  SARAC-DE,  Savanna, 

Illinois  61074 

2 Naval  Research  Laboratory,  ATTN:  Dr.  J.  M.  Krafft,  Code  8430; 

Library,  Code  2620;  Vi'ashington,  DC  20375 

3 Director,  Air  Force  Materiel  Laboratory,  ATTN:  AFML-DO,  Library; 
AFML-LTM,  Mr.  E.  VIheeler;  AFML-LLP,  Mr.  R.  Rowand;  VJright-Patterson 
AFB,  Ohio  45433 

9 Director,  Army  Materials  and  Mechanics  Research  Center, 

ATTN:  DRXMR-P  (1  copy) 

DR.X.MR-PL  (2  copies) 

DRXMR-M  (2  copies) 

' DRXMR-MO  (1  copy) 

DRX'MR-MI,  Mr.  Darcy  (1  copy) 

DRX.MR-L,  Dr.  Chait  (1  copy) 

DRXMR-RA,  Mr.  Valente  (1  copy) 


